Retinoblastoma (RB) is a well-vascularized tumor dependent on angiogenesis. The present study aimed to explore whether microRNA (miR)-182 regulates cell viability, invasion and angiogenesis in RB via the phosphatidylinositol-3-OH kinase (PI3K)/protein kinase B (AKT) signaling pathway and by targeting cell adhesion molecule 2 (CADM2). The expression levels of miR-182 and CADM2 were initially detected in RB tissues from patients with RB who underwent ophthalmectomy, and normal retinal tissues collected from other trauma patients who underwent eye enucleation. To determine whether CADM2 was targeted by miR-182, a dual luciferase reporter assay was conducted. Subsequently, Y79 and WERI-Rb-1 RB cells were transfected with a miR-182 mimic or miR-182 inhibitor, or small interfering RNA against CADM2, in order to investigate the effects of miR-182 on viability and invasion, which were detected using MTT and Transwell assays, respectively. In addition, to determine whether the regulatory mechanism underlying the effects of miR-182 was associated with the PI3K/AKT signaling pathway, the expression levels of associated genes were detected by reverse transcription-quantitative polymerase chain reaction and western blot analysis. A xenograft tumor model in nude mice was also established, in order to evaluate the effects of miR-182 on tumor growth and angiogenesis. The results indicated that miR-182 expression was increased and CADM2 expression was reduced in RB tissues; CADM2 was confirmed to be targeted and negatively regulated by miR-182. When the expression of miR-182 was downregulated, cell viability, invasion, tumor volume and angiogenesis were significantly decreased. Furthermore, the expression levels of PI3K/AKT signaling pathway-associated genes were increased in response to miR-182 overexpression or CADM2 silencing. Taken together, these results suggested that inhibition of miR-182 may suppress cell viability, invasion and angiogenesis in RB through inactivation of the PI3K/AKT pathway and CADM2 upregulation. This mechanism may reveal a novel potential therapeutic target.
Introduction
Retinoblastoma (RB) is the most common type of primary intraocular cancer, which mainly occurs in children <5 years (1) . It has been reported that RB comprises ~11% of cancers that appear in the first year of life, with 95% diagnosed before 5 years of age (2) . RB can be inherited in an autosomal dominant fashion caused by inactivation of the RB1 gene (3) . RB presents with numerous symptoms, including abnormal appearance of the pupil, leukocoria, red and irritated eyes, deterioration of vision, faltering growth or delayed development (4) . In addition, RB tumors exhibit perivascular sleeves composed of viable neoplastic cells and necrotic tissues, thus indicating that RB is closely associated with blood vessels (5) . According to a previous study, microRNAs (miRNAs/miRs) serve a pivotal role in the development of RB; therefore, further studies are required to investigate the role of miRNAs in RB (6) .
miRNAs are a class of small non-coding RNAs that have vital roles in the regulation of target genes (7) . miRNAs are involved in numerous physiological and pathological processes, including tumor development and exacerbation; aberrant miRNA expression has been observed in various types of cancer, including RB (6, 8, 9) . miR-182 is a member of the miR-183 cluster, which is located in the human chromosome 7q32 region (10) . Notably, miR-182 overexpression has been detected in numerous solitary malignancies, including ovarian cancer (11) . Cell adhesion molecule 2 (CADM2), which is a member of the CADM family, is an immunoglobulin-like cell adhesion molecule (12) . A previous study revealed that downregulation of epithelial cell adhesion molecule (a member of the CADM family) serves an essential role in the development of RB (13) . The catalytic subunit of phosphatidylinositol-3-OH
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kinase (PI3K) can produce the phosphoinositide phosphates PIP2 and PIP3, which can activate several serine/threonine kinases, including protein kinase B (AKT) (14) . AKT inhibits cell apoptosis by phosphorylating and inactivating the proapoptotic protein B-cell lymphoma 2 antagonist of cell death (15) . The PI3K/AKT pathway is involved in cell growth, proliferation, survival and tumorigenesis (16) , and according to a previous study, the development of RB is associated with activation of the PI3K/AKT pathway (17) . However, there is currently limited data regarding the role of miR-182 in RB and its involvement with CADM2 and the PI3K/AKT pathway. Therefore, the present study aimed to clarify how miR-182 regulates RB, and its effects on the PI3K/AKT pathway and CADM2.
Materials and methods
Ethics statement. Written informed consent was obtained from patients and their families prior to the study. The experiment was approved by the Ethics Committee of Luoyang Central Hospital (Luoyang, China). The animal studies conducted in the present study were approved by the Animal Care Committee at Luoyang Central Hospital.
Clinical sample collection. A total of 22 RB samples were collected from patients with RB who underwent an ophthalmectomy at Luoyang Central Hospital between December 2012 and December 2016. Each sample was cut into 4-mm serial sections, and hematoxylin and eosin staining was used to verify the diagnosis. The patients enrolled consisted of 13 males and 9 females, aged between 3 months and 5 years, with no family history of RB (patients with a family history of RB were excluded). Of the patients, 17 had mono-ocular RB and 5 had binocular RB. Following surgery, fresh tumor tissues were immediately removed under aseptic conditions, fixed in formalin, automatically dehydrated, infiltrated with wax, embedded and sectioned. A total of 34 normal retinal tissue sections were collected from the patients who underwent eye enucleation following trauma.
Cell culture. Y79 and WERI-Rb-1 human RB cells were obtained from the cell repository of Shanghai Institute of Biochemistry and Cell Biology, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences (Shanghai, China). Y79 cells in a cryogenic vial were immediately placed in a water bath at a constant temperature of 37˚C, and the cryogenic vial was stirred to unfreeze and recover the cells as quickly as possible. The thawed Y79 cells were extracted with a pipette on a sterilized bench and placed in a centrifuge tube. Serum-free RPMI-1640 medium (cat. no. PM150110; Wuhan ProCell Life Science & Technology Co., Ltd., Wuhan, China) was added to the centrifuge tube, in order to resuspend Y79 cells. The Y79 cells were then centrifuged at 376 x g for 5 min at 4˚C, after which, the supernatant was removed and the precipitation was washed 1-2 times. Subsequently, culture medium containing 15% fetal bovine serum (FBS, cat. no. 10099-141; Thermo Fisher Scientific, Inc., Waltham, MA, USA) was added and the cells were incubated at 37˚C in an atmosphere containing 5% CO 2 . WERI-Rb-1 cells were maintained in Dulbecco's modified Eagle's medium (DMEM) containing 10% FBS, penicillin (100 µg/ml) and streptomycin (100 µg/ml, Thermo Fisher Scientific, Inc.), at 37˚C in an atmosphere containing 5% CO 2 , and were conventionally passaged (18) . Cells in the logarithmic growth phase were used for each experiment. Cell transfection and grouping. Y79 and WERI-Rb-1 cells in logarithmic growth phase were inoculated in a 6-well culture plate at a concentration of 2x10 5 cells/well. Following adhesion of Y79 and WERI-Rb-1 cells, and once confluence reached 30-50%, transfection was performed using the Lipofectamine ® 2000 kit (cat. no. 11668-027; Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. A total of 100 µl of each sequence was cloned into pcDNA3.1 plasmids (cat. no. V79020; Thermo Fisher Scientific, Inc.), which were then diluted in 250 µl serum-free RPMI-1640 medium (the sequences were added to the cells at a final concentration of 50 nM), gently mixed and incubated at room temperature for 5 min. In addition, 5 µl Lipofectamine ® 2000 was diluted with 250 µl serum-free RPMI-1640 medium, gently mixed and incubated at room temperature for 5 min. The two mixtures were then mixed together, incubated at room temperature for 20 min and added to the cell culture wells. The cells (2.5x10 5 cells/ml) were transfected for 48 h. After transfection, the Y79 and WERI-Rb-1 cells were incubated for 4-6 h at 37˚C in an incubator containing 5% CO 2 with saturated humidity, and the culture medium containing the transfection solution was discarded and replaced with RPMI-1640 containing FBS. (Table I) .
Reverse transcription quantitative polymerase chain reaction (RT-qPCR). Tissues (300 mg) or cells was collected and washed three times with PBS, after which total RNA was conventionally extracted using the TRIzol ® one-step extraction method (cat. no. 15596-018; Invitrogen; Thermo Fisher Scientific, Inc.). The quality of total RNA was assessed and RNA concentration was adjusted. For the detection of U6 and miR-182, miRNA were reverse transcribed using stem-loop-mediated RT primers, which were synthesized by Shanghai Sangon Biotechnology Co., Ltd. (Shanghai, China). For the detection of genes, RNA was reverse transcribed into cDNA using the RevertAid First Strand cDNA Synthesis kit (Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. Briefly, RNA was gently agitated, centrifuged and incubated at 42˚C for 60 min, after which the samples were placed in a 70˚C water bath for 5 min to terminate the RT reaction. The obtained cDNA was stored at -80˚C. The mRNA expression levels of CADM2, PI3K, AKT, vascular endothelial growth factor (VEGF), Cyclin E, cyclin-dependent kinase (CDK)2, CDK4, Vimentin, matrix metalloproteinase (MMP)-9, snail family transcriptional repressor 1 (Snail) and GAPDH were determined based on the extracted RNA. Random hexamers were used as reverse primers. RT-qPCR was conducted using the TaqMan probe method (TaqMan-MGB; Shanghai Jianglin Biological Technology Co., Ltd., Shanghai, China), and the primer sequences are shown in Table II . The reaction conditions were as follows: Pre-denaturation at 95˚C for 30 sec, followed by a total of 40 cycles of denaturation at 95˚C for 10 sec, annealing at 60˚C for 20 sec and extension at 70˚C for 10 sec, and a final extension step at 70˚C for 10 min. The reaction system contained 12.5 µl Premix Ex Taq or SYBR-Green Mix (cat. no. RR820A; Beijing Think Far Technology Co., Ltd., Beijing, China), 1 µl forward primer, 1 µl reverse primer and 1-4 µl DNA template; ddH 2 O was used to make up the final volume of 25 µl. The measurements were performed using RT-qPCR apparatus (Bio-Rad iQ5; Bio-Rad Laboratories, Inc., Hercules, CA, USA). U6 was used as the internal reference gene for miR-182, whereas GAPDH was applied as the internal reference for the other genes. The 2 -ΔΔCq method (20, 21) was employed to calculate the relative expression levels of miR-182, CADM2, PI3K, AKT, VEGF, Cyclin E, Vimentin, MMP-9 and Snail. The formula was as follows: ΔΔCq = ΔCq RB group -ΔCq normal group , ΔCq = Cq target gene -Cq U6/GAPDH . The experiment was repeated independently three times.
Western blot analysis. The cells or tissues were collected, and 200 µl pre-cooled radioimmunoprecipitation assay buffer (cat. no. R0020; Beijing Solarbio Science & Technology Co., Ltd., Beijing, China) and 1 mmol/l phenylmethylsulfonyl fluoride were added for cell lysis with gentle agitation. The cells were well mixed using a pipette, and were disrupted for 30 min on ice. The protein lysates were transferred to a new centrifuge tube and spun at 2,414 x g for 5 min at 4˚C. The proteins in the supernatant were extracted and protein concentration was measured using the Bicinchoninic Acid Protein Quantification kit (Wuhan Boster Biological Technology, Ltd., Wuhan, China), according to the manufacturer's protocol. Extracted proteins (30 µg/well) were subsequently added to sample buffer and boiled at 95˚C for 10 min. The proteins were separated by 10% PAGE, after which they MTT assay. After 12 h transfection, Y79 and WERI-Rb-1 cells were washed with PBS twice, detached using 0.25% trypsin and a single cell suspension was generated. The cells were counted and then inoculated into a 96-well plate at a density of 3-6x10 3 cells/well. The volume in each well was 200 µl, including the blank well, with 6 parallel wells in each plate. The cells were cultured in an incubator with constant humidity at 37˚C and 5% CO 2 ; the 96-well plate was removed from the incubator at a fixed time each day. After 24 and 48 h, 20 µl 5 mg/ml MTT solution (cat. no. A2776-1g; Shanghai Shifeng Biological Technology Co., Ltd., Shanghai, China) was added to each well. Following a 4-h incubation at 37˚C, the medium was discarded, 150 µl dimethyl sulfoxide was added to each well and the plates were incubated at room temperature with gently agitation for 10 min. The optical density (OD) was measured at 570 nm using an enzyme-linked immunometric meter at 24 and 48 h. Subsequently, the cell viability curve was generated with time as the x-axis label and OD value as the y-axis label; cell viability was compared between the experimental groups (the miR-182 mimic, mimic NC, miR-182 inhibitor, inhibitor NC, siCADM2 and miR-182 inhibitor + siCADM2 groups) and the blank wells. The experiment was repeated independently three times.
Transwell assay. Matrigel (cat. no. 40111ES08; Shanghai Yesen Biological Technology Co., Ltd., Shanghai, China) was dissolved at 4˚C overnight and diluted with DMEM at a ratio of 1:3. A total of 30 µl diluted Matrigel was added to the apical chamber of each Transwell system in three separate additions (15, 7.5 and 7.5 µl) with a 10-min interval between each. The Matrigel was evenly laid and covered all of the micropores on the bottom of the apical chamber. After a 48-h transfection, Y79 and WERI-Rb-1 cells from each group were collected, and a cell suspension at a final concentration of 1x10 6 cells/ml was prepared, which was inoculated into the apical chamber of the Transwell chamber. DMEM containing 10% FBS was added into the basolateral chamber, and the cells incubated for 48 h at 37˚C and 5% CO 2 . Swabs were used to gently remove non-penetrating cells in the apical chamber. The membrane was then removed, fixed with 95% ethanol for 15-20 min, immersed in water and then stained with 1 mg/l methyl violet for 10 min at 37˚C. The membrane was immersed in water and observed under high magnification with an inverted microscope. A total of five high-power fields of view were selected from each sample to count the cells and calculate the mean values. The number of cells that invaded through the Matrigel in each group was used as an index to evaluate their invasive ability. The experiment was repeated independently three times.
Xenograft tumor model in nude mice. A total of 70 BALB/c nude mice (cat. no. J004; Nanjing Junke Biological Engineering Co., Ltd., Nanjing, China; age, 5 weeks; weight, 18-22 g) were housed under specific-pathogen-free conditions: temperature, 18-22˚C; humidity, 50-60%; ammonia concentration, ≤20 ppm; and ventilation rate, 10-20 times/h. The mice were given free access to sterilized food/water and were maintained under a 10-h light/14-h dark cycle. The nude mice were randomly allocated into the following seven groups: Blank group (mouse model of RB was established using untransfected Y79 and WERI-Rb-1 cells), miR-182 mimic group (mice were injected with Y79 and WERI-Rb-1 cells transfected with miR-182 mimic sequence), mimic NC group (mice were injected with Y79 and WERI-Rb-1 cells transfected with miR-182 mimic NC sequence), miR-182 inhibitor group (mice were injected with Y79 and WERI-Rb-1 cells transfected with miR-182 inhibitor sequence), inhibitor NC group (mice were injected with Y79 and WERI-Rb-1 cells transfected with miR-182 inhibitor NC sequence), siCADM2 (mice were injected with Y79 and WERI-Rb-1 cells transfected with CADM2 siRNA sequence) and miR-182 inhibitor + siCADM2 group (mice were injected with Y79 and WERI-Rb-1 cells transfected with miR-182 inhibitor and CADM2 siRNA sequences) (n=10 mice/group; male and female, 1:1). After 24 h transfection, cells were treated with 0.25% trypsin and a cell suspension was generated, with the cell density adjusted to 1x10 5 cells/ml. Local skin disinfection was performed and 0.5 ml cell suspension was subcutaneously injected into the right foreleg of each mouse. During injections, the needle was cautiously inserted under the skin and slowly extracted. Following extraction of the needle, slight pressure was placed onto the injection site for 30 sec, in order to prevent leakage of the cell suspension. The general condition of the nude mice and the local condition of the inoculation site were observed. All nude mice were sacrificed under deep anesthesia with pentobarbital sodium (100 mg/kg) 5 weeks post-inoculation, and gross tumor size was observed and tumor weight was measured.
Immunohistochemistry. Tumor specimens were fixed with neutral-buffered formalin, dehydrated, embedded in paraffin, serially sectioned at 5 µm and dehydrated. The sections were then treated with 3% hydrogen peroxide at room temperature for 10 min and underwent heated antigen retrieval with sodium citrate antigen repair solution (cat. no. IH0305; Beijing Leagene Biotech Co., Ltd., Beijing, China) in a water bath. The subsequent experiment was not conducted until the buffer was heated to boiling. The sections were sealed with normal nonimmune mouse serum (cat. no. GD-MY595J; Shanghai Guduo Biotechnology Co., Ltd., Shanghai, China) at room temperature for 3 h. A cluster of differentiation (CD) 34 rabbit polyclonal primary antibody (1:200, cat. no. ab185732; Abcam) was added to the sections and incubated at 4˚C overnight, followed by incubation with a biotin-labeled goat anti-rabbit immunoglobulin G secondary antibody (1:2,000, cat. no. ab6720; Abcam) at 37˚C for 20 min. DAB (BIOSS, Beijing, China) was applied for development. The sections were counterstained with hematoxylin, dehydrated, cleared, mounted and observed under a confocal microscope. According to CD34 expression, the number of microvessels in each of the 10 fields of view was counted, and the mean microvessel density (MVD) was calculated.
Statistical analysis. The experiments were repeated three times. SPSS software version 21.0 (IBM Corp., Armonk, NY, USA) was used for data analysis. Measurement data are presented as the means ± standard deviation. Student's t-test was applied for comparisons between two groups. The Kolmogorov-Smirnov method was used to test normality of data, and one-way analysis of variance and Tukey's post hoc test were used for comparisons among multiple groups with normal distribution. The non-parametric Kruskal-Wallis method was used to analyze data with skewed distribution, and Dunn's multiple comparison post hoc test was performed. P<0.05 was considered to indicate a statistically significant difference.
Results

miR-182 is upregulated and CADM2 is downregulated in RB retinal tissue.
The expression levels of CADM2 mRNA and protein and miR-182 were measured by RT-qPCR and western blot analysis. As shown in Fig. 1A , miR-182 expression was increased in RB retinal tissues compared with in normal retinal tissues (P<0.05). In addition, in RB retinal tissues, the mRNA and protein expression levels of CADM2 were decreased compared with in normal retinal tissues (P<0.05; Fig. 1B and C) . These results indicated that the expression levels of miR-182 were upregulated, whereas CADM2 was downregulated in RB retinal tissue.
miR-182 binds to the 3'UTR of CADM2. The relationship between miR-182 and CADM2 was predicted by microRNA.org and confirmed using the dual luciferase reporter assay. microRNA.org revealed that miR-182 targeted CADM2 ( Fig. 2A) . The results of a dual luciferase reporter assay (Fig. 2B ) demonstrated that the luciferase signal was decreased by ~53% in the miR-182 mimic + pCADM2-Wt group compared with the miR-182 mimic NC + pCADM2-Wt group (P<0.05), whereas there were no differences in the luciferase signal between the miR-182 mimic + pCADM2-Mut and miR-182 mimic NC + pCADM2-Wt or miR-182 mimic NC + pCADM2-Mut groups (P>0.05). These results indicated that miR-182 may target and negatively regulate CADM2 expression.
miR-182 overexpression or CADM2 silencing promotes Y79 and WERI-Rb-1 cell viability. Cell viability was measured using the MTT assay (Fig. 3) . In human RB Y79 and WERI-Rb-1 cells 24 and 48 h post-transfection, compared with the blank group, the miR-182 mimic and siCADM2 groups exhibited significantly elevated cell viability (P<0.05), whereas cell viability was reduced in the miR-182 inhibitor group (P<0.05). There was no difference in cell viability among the blank, mimic NC, inhibitor NC and miR-182 inhibitor + siCADM2 groups (P>0.05). These findings suggested that cell viability may be promoted by miR-182 overexpression or CADM2 silencing.
miR-182 overexpression or CADM2 silencing promotes Y79 and WERI-Rb-1 cell invasion.
In order to assess the invasive ability of RB retinal cells, a Transwell assay was conducted. As shown in Fig. 4 , following 48-h culture of Y79 and WERI-Rb-1 cells, compared with the blank group, the miR-182 mimic and siCADM2 groups exhibited a significantly elevated number of invasive cells, whereas the number of invasive cells was reduced in the miR-182 inhibitor group (P<0.05). There was no difference in the number of invasive cells among the blank, mimic NC, inhibitor NC and miR-182 inhibitor + siCADM2 groups (P>0.05). These findings indicated that cell invasion may be promoted by miR-182 overexpression or CADM2 silencing. miR-182 overexpression or CADM2 silencing increases the mRNA expression levels of PI3K, AKT, VEGF, Cyclin E, CDK2, CDK4, Vimentin, MMP-9 and Snail. RT-qPCR was used to measure miR-182 expression and the mRNA expression levels of CADM2, PI3K/AKT pathway-associated genes (PI3K and AKT), an angiogenesis-associated gene (VEGF), proliferation-associated genes (Cyclin E, CDK2 and CDK4) and invasion-associated genes (Vimentin, MMP-9 and Snail) in Y79 and WERI-Rb-1 cells post-transfection. As shown in Fig. 5 , compared with the blank group, in the miR-182 mimic group, miR-182 expression was significantly elevated, whereas in the miR-182 inhibitor and miR-182 inhibitor + siCADM2 groups, miR-182 expression was reduced (P<0.05). There was no difference in miR-182 expression among the mimic NC, inhibitor NC and siCADM2 groups (P>0.05). The mRNA expression levels of CADM2 were significantly decreased in the miR-182 mimic and siCADM2 groups, whereas the mRNA expression levels of PI3K, AKT, VEGF, Cyclin E, CDK2, CDK4, Vimentin, MMP-9 and Snail were increased (P<0.05).
In the miR-182 inhibitor group, an increase in CADM2 mRNA expression was observed, whereas PI3K, AKT, VEGF, Cyclin E, CDK2, CDK4, Vimentin, MMP-9 and Snail were decreased (P<0.05). There was no difference in the expression of the aforementioned genes among the blank, mimic NC, inhibitor NC and miR-182 inhibitor + siCADM2 groups (P>0.05). These findings revealed that the PI3K/AKT pathway may be activated in response to miR-182 overexpression or CADM2 silencing, which may contribute to enhancement of angiogenesis, viability and invasion.
miR-182 overexpression or CADM2 silencing increases the protein expression levels of PI3K, AKT, VEGF, Cyclin E, CDK2, CDK4, Vimentin, MMP-9 and Snail. Western blot analysis was conducted on Y79 and WERI-Rb-1 cells to determine the protein expression levels of PI3K, AKT, VEGF, Cyclin E, CDK2, CDK4, Vimentin, MMP-9 and Snail. As shown in Fig. 6 , compared with the blank group, the miR-182 mimic and siCADM2 groups exhibited significantly reduced expression of CADM2, and elevated PI3K, AKT, VEGF, Cyclin E, CDK2, CDK4, Vimentin, MMP-9 and Snail expression (P<0.05). An opposite trend was detected in the miR-182 inhibitor group, which exhibited upregulation of CADM2 protein expression, and decreased expression of PI3K, AKT, VEGF, Cyclin E, CDK2, CDK4, Vimentin, MMP-9 and Snail (P<0.05). There was no difference in the protein expression levels of PI3K and AKT among the blank, mimic NC, inhibitor NC and miR-182 inhibitor + siCADM2 groups (P>0.05). These findings revealed that the PI3K/AKT pathway may be activated by miR-182 overexpression or CADM2 silencing, which may contribute to enhancement of angiogenesis, viability and invasion.
miR-182 overexpression or CADM2 silencing promotes tumor growth in nude mice inoculated with Y79 and WERI-Rb-1 cells post-transfection.
A xenograft tumor model was generated in nude mice to analyze whether miR-182 could affect the growth of RB by regulating CADM2 in vivo. Following a tumor incubation period of ~7 days, the inoculation site of all nude mice possessed tumors visible to the naked eye; at the inoculation site, subcutaneous nodules were oval at the beginning and gradually became irregular with a lobulated concavo-convex surface. The tumor formation rate was 100%. After 5 weeks, the nude mice were sacrificed once ulceration was observed on the tumor surface. The tumor was removed and weighed, and the tumor volume was calculated. Compared with the blank group, the miR-182 mimic and siCADM2 groups exhibited miR-182 inhibitor + siCADM2 groups (P>0.05) (Fig. 7) . This observation revealed that xenograft tumor growth in nude mice could be promoted by elevating miR-182 expression.
miR-182 overexpression or CADM2 silencing increases MVD in nude mice inoculated with Y79 and WERI-Rb-1 cells post-transfection.
Vascular endothelial cells were labeled with anti-CD34 monoclonal antibodies, and the number of microvessels was detected using immunohistochemistry. CD34 was localized in the cytoplasm of vascular endothelial cells and was presented as pale brown granules. The results demonstrated that, compared with the blank group, the miR-182 mimic and siCADM2 groups exhibited significantly elevated MVD, whereas the miR-182 inhibitor group had reduced MVD (P<0.05; Fig. 8 ). There was no difference in MVD among the blank, mimic NC, inhibitor NC and miR-182 inhibitor + siCADM2 groups (P>0.05). These results indicated that MVD may be promoted by miR-182 overexpression or CADM2 silencing.
Discussion
A previous study reported that RB has a high incidence in developing countries (22) ; in addition, several miRNAs are differentially expressed in RB (23) . However, it is unclear how miR-182 regulates RB. The present study investigated the effects of miR-182 on RB. The findings provided evidence to suggest that inhibiting miR-182 may activate CADM2 and suppress the PI3K/AKT pathway, thereby suppressing cell viability, invasion and angiogenesis in RB.
In the present study, miR-182 was significantly increased and CADM2 was decreased in RB retinal tissues. It has been reported that miR-182 is an oncogene (11); miR-182 is upregulated in numerous types of cancer, including non-small cell lung cancer (24) . In addition, a previous study provided evidence to suggest that miR-182 is associated with angiogenesis (25) . Du et al (26) observed more capillary-like structures in a miR-182 mimic group compared with in a normal group, as determined using an in vitro capillary tube formation assay. Notably, a previous study demonstrated that miR-182 is overexpressed in primary open-angle glaucoma, which is characterized by retinal ganglion cell death (27) . CADM2, also known as Nectin-like 3, SynCAM2 and immunoglobulin superfamily, member 4D, is downregulated in numerous types of cancer, including ovarian cancer, prostate cancer, lymphoma and melanoma (28) . Consistent with the present results, Yang et al (29) detected low expression of CADM2 in hepatocellular carcinoma. The present study indicated that RB may be associated with miR-182 overexpression and low CADM2 expression. CADM2 is one of the target genes of miR-182. RT-qPCR and western blot analysis revealed that Y79 cells transfected with miR-182 inhibitor possessed significantly decreased expression of PI3K/AKT pathway-associated genes (PI3K and AKT) and the angiogenesis-associated gene VEGF, as well as decreased MVD, but increased CADM2 expression. The majority of cancer types exhibit activation of the PI3K/AKT pathway, including RB (30) . A previous study confirmed that miR-182 activates the PI3K/AKT pathway (31), whereas CADM3 inhibits activation of the PI3K/AKT signaling pathway, and CADM3 can bind to CADM4 (32) . Non-overlapping expression of CADM2 and CADM3 has been detected in the developing retina, and binding of CADM2 and CADM3 to CADM1 and CADM4 in vitro may indicate the functional role of CADMs during nervous system development (33) . VEGF is an angiogenic growth factor that is involved in the pathogenesis of retinal diseases, such as diabetic retinopathy (34) . A previous study revealed that VEGF overexpression is associated with RB (35) . Furthermore, another study identified that miR-182 overexpression is associated with VEGF-A production and angiogenesis (34) . Liu et al (31) suggested that inhibition of miR-182 decreases the level of phosphorylated-AKT. MVD is used to measure angiogenesis, and it has been reported that enhanced angiogenesis appears in miR-182-overexpressing cells (36, 37) . In addition, it has been revealed that miR-182 targets CADMs (38) . These findings indicated that suppression of miR-182 may activate CADM2 and inhibit the activation of PI3K/AKT, thus inhibiting angiogenesis in RB.
The present study revealed that miR-182 inhibition reduced cell viability and invasion by activating CADM2 and suppressing the PI3K/AKT signaling pathway, in addition to reducing the expression of proliferation-associated genes (Cyclin E, CDK2 and CDK4) and invasion-associated genes (Vimentin, MMP-9 and Snail). It is well known that miR-182 acts as an oncomiR, which promotes cell proliferation (24) . miR-182 overexpression serves a pivotal role in enhancing cell invasion via inhibition of various targets, such as Forkhead box O3, programmed cell death 4 and microphthalmia-associated transcription factor (39) . A recent study revealed that CADM2 overexpression suppresses cancer cell proliferation and invasion (28) . The PI3K/AKT signaling pathway is a survival pathway essential in apoptosis and cell proliferation (17) ; it has also been reported that the PI3K/AKT signaling pathway contributes to the proliferation of airway smooth muscle cells (40) . In addition, activation of the PI3K/AKT signaling pathway serves an important role in prostate cancer cell invasion (41) . A previous study focused on miR-135b, miR-182 and the PI3K/AKT signaling pathway in colorectal cancer (CRC), identifying that overexpressed miR-182 promotes the chemoresistance of CRC by targeting ST6 N-acetylgalactosaminide α-2,6-sialyltransferase 2 via the PI3K/AKT signaling pathway (42) . Furthermore, the ability of miR-182 to activate the PI3K/AKT signaling pathway has previously been confirmed (31) . These findings indicated that inhibition of miR-182 suppressed cell viability and invasion via the activation of CADM2 and by suppressing the PI3K/AKT signaling pathway. Notably, the present findings suggested that cells transfected with miR-182 inhibitor + siCADM2 exhibited similar cell viability and invasive abilities as untreated cells. These findings indicated that CADM2 knockdown may reverse the suppressive effects of miR-182 inhibition on cell viability and invasion.
In conclusion, the present study revealed that downregulation of miR-182 may suppress cell viability, invasion and angiogenesis in RB by upregulating CADM2 and inhibiting the PI3K/AKT signaling pathway. Notably, this study indicated that miR-182 and CADM2 are promising therapeutic targets for RB; however, further studies are required to develop the practical clinical application of these therapeutic targets in the treatment of RB.
